
(19) 



AS? )d JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(1 1 ) Publication number: 2000022212 A 

(43) Date of publication of application: 21 .01 ,00 



(51) mt ci H01L 33/00 








C30B 25/04 








C30B 29/38 








H01L 21/20 








(21) Application number: 10183446 


(71) Applicant: 


SUMITOMO ELECTRIC IND LTD 


(22) Date of filing: 30.06.98 


(72) Inventor: 


MOTOKI KENSAKU 






OKAHISA TAKUJI 






MATSUMOTO NAOKI 



(54) GaN SINGLE CRYSTAL SUBSTRATE AND ITS 
MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN single 
crystal substrate which is wide in area and is little in 
warp and can be independent. 

SOLUTION: A mask which has a zigzag window and a 
stripe window is made on a GaAs (111) substrate, and a 
GaN buffer layer is made at low temperature by 
HVPE(hydride vapor phase growth) method or 
MOC(organic metallic chloride vapor phase growth) 
method, and a GaN epitaxial layer is made at high 
temperature by HVPE method, and the GaAs substrate is 
removed. With the independent film of GaN as a sheet 
crystal, GaN is stuck thicker by HVPE method to make a 
GaN ingot. This is cut and polished by a slicer to make 
a transparent colorless GaN wafer with little warp. 
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[M*«lJ 2 0mm^±Oli>0. 0 7mmi^l 

X3" ^TT?fej5r<t^#«tr5B*«l_lCiE«WG 
a N^^hbS^o 

£#»*1-*8I#* 1 fwlE«6tf>G a N 
4 ] Wf©lfe-£OS <9 # 2 
LX2 0 0 /zmJ^m^; Iw 
IE®^Ga N 

HS*^5] SSUfcffitt. GaN (0 0 0 1) ffi-Cfe 

1-*Wf*S l i:E*^G a Nfi a a 0 IE 

[»3ft^6] (111) GaAsl^±iC[l 1 - 
2]*|fij(c-^raPB«rib^>-cafet/[- 1 1 0]*^(C(t^ 

[- l l O^faicfatfS* K^^O^^t"*^* 
^SrTf^&L. GaN^y7 7*S:RH HVPEffil:«t 

[IS*«7] (111) GaAslfiWl 1 - 

[- 1 1 Oj^frt^O^* h^^#W&£*rf 30 
^€:«*L, GaN/<^77i^{t, HVPE^ia 
otGaN^xt'^^^IH, GaAsI^ 
i^ltGaNMrflt, WGaNS^iCHV 
PEfefCioTG a Niia^xf^y^y^ML 
^t^^-f/W&^LfcG a N-f >=T;y M**>* # 

t^Ga N#tSalS«OS!ifcfrft, 

[0 0 0 1 ] 40 

3>ifc¥3** (GaNl) fcffl^fcJBtt^V*-- K (LE 
D) ^>U-if^^-K (LD) ftXft&&ft$&-m<D 
G a N^Hg, *5 i^-tOMiS^&^iaf 
[0 0 0 2 ] 

1\ J fyr-( J r (AI2O3) , Sic, Si, g a a 
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hfix^it. *y7T-<*? (AI2O3) s«fift:^W(w 

S^T'fcS L»*M4i>&5 8 GaNift^ftJii 6% 
g*»*6 i><D<D'<v 7 7l«f5 " £ |C J; 0 G a 

Wltfcfc t 1 1 7 7 tieiif^^S SLED, LD 
i: LXlv^hSo" 9 t7>>f G a N^MS 

^Stt±<0GaN*LEDI±mflK£*LTV^ o £fcGa 

10 0 0 3] t7 7 J-YtG a NCOft^ftiiA^iS 
9 0 ^ttf^t«)e»r^77>f^S«±{Cfi^fflW*Ga 

I$nr^5t^f44TG a N/A 1 2 0 3 ^it£^ 

So 

(DOTH 2 5- 1 8 3 1 8 9^ 
®Wm^6- 2 60680f 
[0 0 0 4] £ z^s^^r^irStf^t^JoraJHdsfc 

5o f77^tI^i:(7)GaNxt^Jr^ t /i,io^ 
X*>5 5d\, #A^£ 1 0 9 c m" 2 *>o^pfi&|£as£> 
ftP)fG.aNLEDI«#4X^6. ^Sl^Wt'fc 

[0 0 0 5] La»L^7r>f ^Kttt>5t>£o««Wfc 
«£#*>6o -^Wr (A 1 2 o 3 ) 

SdS-tp-ek*^. GaN^U «Sfc*(tSr3iy^^ 

X£><5. ^ixfCfif^ GaN/t77^fi8^LED 

3/ rda-w-r $ * # <d *s 1/ ?m utm u \,\ s s 

[0 0 0 6] ^^>>^£^[C?T?*:tf>(ZS i CCD£ 

S i CSfG a N*^liM^(f 
®Appl. Phys. Lett, vol.71, No. 17 (1997) 

tt^fexb <o , f^K(Dfc*!>^«iffiaa[* s 1 5 0 o°cj^ 

±KfcfcS 0 S i CS«a*©»3SdSfSL^o Sfc'M* 

Ga njb**^3^ hmcttz. nm^ns 
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fo\ S i C/Ga N*T-(i*a««-et±KiS$tlTV^ 
[0 0 0 7.] ^f^!:LTt>K^GaM^lt 

10 0 0 8 ] SffiJiiCG a N£^lf**v' + /Ufi!c«$-fr 

i o o ot;w±coiiraTc^L7^ftn^"' 

GaN<f t*<D^- ^is^/^M&ffc&c£l£tz$£iBLf£ 10 
£ T tf 6 i: *0t t m& t WjRWa«*0 ft v Hi «fc 5 

S£&OJ: 5 GaN<^»B5gff»£l fc^S • 
t. G a A s (i» 1 . 0 8 fg, S i C it 0 . 8 7ff, 

[0 0 0 9] f*J& SSra^«ftag5g«»o3SvM^J:S» 
KDKMl** GaNiIl:^«lGaNli(: 

»II^««»tt»8cJ:5*2(DPBM(i> »aH#(cK9^ 2 0 

^rtmm^^G a N/t V T 4 ^TlC X 6 G a N«-g**3&S 
±t^X^\ 

[0010] GaAsM B s a ^Si^UGaN^f ^ 30 
1tZ>&fr&]£l«lftt>tlt:Zk&foZ> 9 L^lGaAsI 

mzitx&ffih'Dti. a*B*©ii5?a#ia*t?G a a s ^ 

®^f)As/i«t6o GaAs^ry^Tt^t 

a N8££MiST'£*a>ort: 0 fc^CGaAsS^ 
GaNM (GaN/GaAs) fi&«rS«$ttTV* 

[0 0 1 1 ] aSEt)^#3»ort^^>tiG a N/t77 

®m^-^^iIff^#^^C - II, vol. J 8 1 - 
C-II. p 5 8-6 4 :tlfit77-ftiK!^h7 
^-e^^^ott^60±iCGa NfciWftS 
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[fi]fCtt»Ht$ixfcffiJi^G a NMSlWt^ 
£<Dtztb. G a N*» a B B i-te{S:, * n ^ 7 * * 

[0012] »*5£«^»a jHttm 

«r«5K!3«icot$ * 5* *fcSfflW4S«iiG a N 
U^LiTv^GaNStE^&L^V^ 9=t 

n<ft>^A/**t^G a NS«liA^'5rHB"C*)ofc 0 
[0 0 13] XW&ikZtfL&tSltZlzlt^s 37/^^ 

SStrM5fi-rSwi:dST-^5. Lri* LGa N(4iDf^ Lfc 

9o GaiC^GaNMDLT, R^EEOSiWE 
£#tt»»LTGa -G a N»% 1 1~ 6 r <t lit?* 3 Q 

^T^iOGaN^mf, Ga Ng«t>fiq3EL* 

[0014] GaNmmi*mmf&&m\z£*)ftt>tiZa 

1. HVPEffi (W KtlSfilcftffi- : Hydride Va 
por Phase Epitaxy) 

2. MOCS (*r«&-JRIttfcfcfcfiJSgfe : metal lorga 
nic chloride method) 

3. MOCVD& (tMIC VDfe : metal lorganic 
chemical vapor deposition) 

4. 3-*j£ 

[0 0 15] MOCSlt h D ^fvU^/y £ATMG* 
t'Ga^iMi:, HC 1 h**-/Uffi0> 
^T-£j££-£- 0.G a C 1 £^f£U rixi:ai«f+iS 

£CGaN^^f$t6t)C0t*fc^ *BSfC(i7K* 
y+^/^i: IT, #m&mtf*. HC 1 ^^^»« 

^^tT9 0 Gamnt Lxftm&mzm^zfrbfcmtf 
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[0 0 16] MOCVDi£(iGaN*RjS*ffit LTfi 
TMGfc >*G a <0*T«&jR£ T ^=7NH 3 " 
TMG^NH 3 ^lGaNfWT^6 0 10 

MO Cfe^ i: i ^ C^IA^PWfc^ 0 R 

©J:5<Clt^fe5o HVPE&llGal^MiLTil 

a&JR£AftT*5<, Gati:Sk£jW£lM0T-3Ot;fiU: 
-eGa»?«ic4^ 0 -fcC-***;!/;*, HCl^^t 

i&ffc^y ?^G a C 1 Ga C 1 ^ 2 0 

(i&MGaSrffiv^SSrJRfl-*^**^, fti$l^»JR 

[0 0 1 7] 

fflK»r5ffi«£#1-£>*:SG a Ng«£«fc"fS ^ i: 30 
[0 0 18] 

[&B£r#ifc-r5fc*!>^#«] GaAs (1 1 1) #3© 

as«o±(c [i 1-2] xfaiz&mmv&xf [-i i 

ij\ v ^ ^ OlO^iCiS/aT'G a y 7 7 i^^I 
Ol^Mi;lTGaNl^/<777i^i:-7 

^ GaAsl^^iiLTGaN^ B B H lI$rii|t 40 

^ 0 B H lI^ii a B 0 i:Lt, * ^tc^^>±iiG a N^b a 
^ ^r->r^S*rff < Affile It, ^<Hl0mmOl| 

ltis»og a Nmmt-r&o -tu&s^sew^Ga n 

S«(Z)B!3t*r£"C-*>S 9 GaAsM(lI^t'X 7 fy 

^ * •> -y /M£«i£ £f Uffl t T^igfii & ft o T L £ 

3 0 50 
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[001 9 ] *«^wg a N^ H B aOi:^:(0^^^(7?^: 

±, #*L<.'i2>r>f L Sm±i:1-5 9 LEDfc^aS 
Tt^^^XH^iCf&n^ h"C»it1"5^«)lcttGa NS 

WVf (25mm) SK±, £ h L < (1 2 <Y > 

^S&JbW* tUM^^GaAsM 

[0 0 2 0] liX^^T^MLfcGaNS^ 
fc£ a rJxe>*&t-J:5GaNf^«^**oSRHtt ^ 

(1) l*S:/nir;*&#-"^;* ^#£1*^7X7 

(2) W*--#'>^l?^*>il(*Sf9i5*>oTfeflF«-r 

(3) S®flF*-K9«:9F*^J:oT65^t?*ffi^3f 

^ # as ^ffi<or jx (put f b t 

[0 0 2 1 ] HVPEffi«:SIt5^lt 
aW^>^^^-fw*S 0 »WGaN^XA-$: 
[0 0 2 2] 

mw^mmmm] *3gw«)G a nhjshg a a s s 

(4»^?>iSfe*"Ct/£^\ t r5d 5 G a AsS«liI*t*- 

CGaAsMC, G a N 5 OlifflKT*-!. 
a*$n^:¥ftX-*>ofc B Ua*«W*llGaAs 

¥l 0-0 7 8 3 Sf-ca^t^-So 

[0 0 2 3] G a N(±A*fi*T?*>5 9 (0 0 0 1) 
®(47^lHl>tt^ti^^6o G a A s (4^ a B H ^T'^67i^b 

(100)^(110) S(i3[Hl*ra:ttSr»yt*^o ^ 
IT'GaAs (111) Affi3StMiBffiS:S«<*: LXM 
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[0024] iaaii^x^^jBjcftjcfiE^-^^^o— a 

£^-f a -r^JiiUKicJtG a Nj&sfl-^/j^j: i 
3 N 4 J ^S i 024^ s ftl\ -^^^JS^Iil 0 0 nm 
Hftl_0 0 nmr-^^ 0 ^f^^^^^^-r^^^ ? Xfo 

E^j35saif-CA>S 0 Ml* [1 1-2] 10 

4ttf^ r^^L^-r^o ^n^itsf-fs [-1 1 
o] xft\zmmTzm*¥t-v?-'ftix\,-z 0 mmwt 

V\, 0»J;itfS£i22 2 MmtOIE^i: U &tV^L£ 
o l-BSHSa^fiKft LfcG a N#mfl*fc:«J|L£rlg-r$ J: 

[0 0 2 5] &tt£0^;**«L&IGaN£j«g$1*:5 

a NdSS:»^(±^L^(/^^TifeOG a A s ^5»IRG 
a Nft&^1r%<D\±&<DWM^X~hZ>* M^GaN 

■ ti»JC*^ J;«if/h$ < -en^t/fi: 9 

[0 0 2 6] -r^^Sro(tS(CiiGa A sS«[<0^f*:fC 
IWlc&£IBtt3«fc 5K-T5o l^i:«ffiSr[a6 (l) KHJr 

[0 0 2 7] ^<7>»J*«W|g;i&4 5 0°C-5 0 0°C&£ 
X\ HVPE&ICj;ottl0nm-100nmi!S(7) 
SEl^G a N'<y 7 7S£fl£j*"*-<5. 9 »^J&» 

^y^rHtiBrt^EaL-Cffai-So 16 (2) 
li^#f£^LT^6 0 50 
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[0 0 2 8] 8 0 0lC-1 0 5 0t8S<OKfilCLT, 
HVPESt'GaNxt^dryt/^^Mt6 0 

KIS^LfcG a N'&&l*MKX#m%Ml&irZ 0 

V\ rti7)^6 (3) ^iT'^5o ±iE^«t5iJ«fi 

[0 0 2 9] §P>i:i*l:J:oTGaAsS|S^xs/f 
(4) OttlSKfcSo :Mltt©GaN^ a |T$)5 9 

[0 0 3 0] £ (b(c»|ftco^3ixN-S:KjgLfcl^-T?*> 

f£^£it>5o 0 7JiCiX^-r o El 7 (1) liG a Nl 
«0±fcHVP E&fclJzoTiS e>(-ff< G a N£^f* 

£@^U fiJ^T^^-ft^tCcfcoT lft ift?^ 
^-KSJOffiLT??^ 17 (2) li:ix^^t 0 7X 
^7h>)x/N-^tti7 (3) (Ojl^i-aW^ 
/j!GaN^x/>-dSt*So AsliGaNi 
&icigAL/*v\, 
[0 0 3 1 ] **WlC*5^T3ie'^^^^/Uja*fCffll/^ 

^i:T«ciiGaffl5^*>5. :: 
fcfi^MG a ^gLtio< 0 j»j£as(£i^P>fc-*2 

fCj:o-CAnfR$JxGa»fK6(C/,eSo HCU5GaI« 
(CPfc#^(t?)ttS^^, G a + HC 1 — G a C 1 t^0 
9lWy ^AG a C 1 ICOGa 

TXtzMttti&o /l^^WAP4{iJ:0T*^BBP-r 
6, 7y^x7NH 3 +7KfH 2 Ol^7!) s I Zt)>b 
SJC^rtJ-WA^tLSo G a C 1 «h NH 3 iC <fc <9 , G a 
C 1 + NH 3 -Ga N(0Ktf:^fin5a 
[ 0 0 3 2] tty^ 7(±->-r 7 h 8{Cj:o-riHl|5#[^ 
SffiiCKft6Jx5o 7C0±{C(iG a AsSi9 

i/ ^ fr<b asRjc u fc^^^ g a n #s«<e>±ic w#-r 

6 3 #^^(iflW^ffiP 1 O75^#aj$il5o HVPE 
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[0 0 3 3] +t'?*i/^/Uf&&nf$:ft*%mcLtell 
tUffcbfc^G a ZStf^Lffct^? b<Ol$fa\ G a 

• fcttS^MOCfe, MOC VD£-C£>£ 0 m^tD 

mtf^vm t lt l* y. * n'e ^oth v 

PEffi(»GaMttHC 1 ^SJCS-frGa C 1 

{Cf6o Ga C 1 is«»4**^;:ioT:«*J: Lt 10 
& £ LT&eTb ^ fC A hft^b^l mffi&HV P E ffifdii 
[0 0 3 4] *&Wlz£<>T{¥bHfzGaNmm£kmfc 
X 1 0 16 cm-3g*-efe5 0 n^O£igt££-5-;t£ 

;>l:j:otH!lflI^l X 1 0 1 6 cm' 3 - 1 
x 1 02«cm-3<D6it*J»tf5 9 »*»JESr»I 20 
it6I^!aoT, lWMli8 0cmVVs- 
8 0 0 cm 2 /Vs«:^lT^6, ItJgfiitt 1 X 
1 0" 4 Q c m- IXIOQc zn<Dlgm'?fflWZIf&X~$> 

[0 0 3 5] ~ 9 LTtfsfctlfcG a N£«fCf*ffftfc1# 

&Die.&ftXfZ>Zk&hZ>. at^^^fflSfii: 
Ga KS«i Ltll^l 

&o rtft^yj^^^^i^ij^s^ u< fcs 7* b y y 

[0 0 3 6] ^P&LfcG a A s £«tf>±(£G a N^JEtJcg 

09©J:5l:GaN/GaAsS[^«tf, Ga NIC 

fi^^^^LT^^o GaAsl^Mt^M 40 
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[0 0 3 7 ] Lh&fcfitztnzt-tZk, GaAsI 
p|:GaNlifI(;/^ft^^ S&S&jiftthbk*: 

l\±^ti*t£\*\ GaAslM^^Lt^GaN}: 
R91-*Jtyj#*>5o ^fcafcMHi itf>«fc5l£GaN 
S*^3ltfo wOR9(±Ga As ttt*IB8«(c3cffii:* 

[0 0 3 8 ] j^^icUo^T, GaAsS^lCGaN^ 
#A*ofc*iJ0SiaLT^-5 e (R*6*t>«-4?)fcrtttlC^^ 

^ICf^oXfc^. ::^??GaN^777i^IH 

^5^t^^^±^fiE«Lfc«FIJ^(g:*Ri{ti--5, Ztl 
(:J:otGaN«^^f)t:^£t't^ 
[0 0 3 9] ^nttVH^t?*>5dK ^(2 9 ^IC^Lt^ 

[0 0 4 0]il2CI^3 oaj^fefe-S^tt^affi^S 

[0 0 4 1 ] K9tt^^^-WftdS9<Oft*€SclM4* 
**SRCJ;o-Ct3l8ffia-C'#5 0 R = D 2 /8 
H£>5^f±. £ =8 H/D 2 (Cj:oT^-C-#5o D(i 

5 0 mmt*^5o 

[0 0 4 2] & tittmfrk^o i><DI*ft&lZ&jtl& 

&%xfo6frbmmzmfc-tz>zkfrxzz> 0 rtajc* 
[0043] nm*&m5xmtfk$<Dft&fct}i* 

[0 0 4 4 ] 



Eh 2 6 



3(l-v)I 2 d 
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[0 0 4 5] oflftSWS/j, Elt 

= 5 0mm> LfcJi^fi, ±^it'5 =H(CSfc5. 
cn.'i»ROrt»C:^^t*^»?>ffJ|[i-5 S t o n e y 
<D^k^^ 0 mmtz^'iZLXL^^XDV (GaN*8t? 

" 1"0 0 4 6"] - - - 

[»2] 

cr = — 

3(1 -v)/ 2 

[0 0 4 7 ] Z<D&.\Z&oX* m^bfrha ^rtHfb 

1. **fSR 6 0 0mml^l (ffi^l. 6 7X1 

2. R<9H (5 Omml^T') 0. 5 5mm^T 

3. ftSWE^Ja 7 MP al^T 
o£9, *3SW#^^3i^(cSftLfc*f4=li, R^6 0 0 
mm, HgO. 55mm, o^7MPat^5, £ biZ 

*@l*7 5 0mm£A±-C-*>5> £f>(-6t\, 
[0 0 4 8 ] #3S9!£JS^"C\ 1 a Ng&£§gif 

-f^^&cOteiC, GaNM?rii B a a iLT^(0±S:G 

StRMJo^T. ZblzWmiimzmvi'Z z\k \z£<o 

tig i stc^r j; ? \zmfii& 

0 o Mlb (a) Wmwmfcm*: LibTo Z\iril*±Jj\z 
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l±— SLTi/^5o m^ift^tlil 5 (b) 

10 [0 0 4 9] S^loM^^lO&So^f^g 

±L/2t0M/M, £>„ roiS^±ei: 

-f5 0 19 x =-L/2t'-e, x = +L/2"C+9 

tLxi&n<DE.v<Dfim&±eb'tz>b, 2r©=dt- 

20 ODtl^^o D=2'(>f=50mnit^^ 0 
^ft^tL 0- i 4 3 2/R£fc6» z:coBil«Sr 
13 1 6 t-^-To 

[0050] 2-r>^*tsr-jE«YkLrft^i:fi»ffl5 

%.Xh^>. k^^O Z\kX&fa\ M4>^Xhtl^, 
0= 1 4 3 2M/R kteZtztfX&Zo Z<D£otj;&W- 
lt®MXtbZ> 0 4 ^^iZiEMitlstztyfDk LX& 

^6* 24 >^ty^^-\Z$$\<^X, ft*^S*6 0 0m 
m£X±ki-&\Zlt, aSfB-COfe H Bffi&3t*OXU(±± 2° 

2° ^tAPx.. ±3 9 UTX*#rttlli£tehte\<\ 

M»<0S9H (Hi 2) (2, v^5v>5^1*Wcofe*. 

K 9 0. 2mm^T (2-Y>^»H) SCfll*.* 

la^iiftiili^J: 3frR = D 2 /8HT'£>5^fb, H = 
0. 2mmtl^lSffll R= 1 5 6 3mmMCif: 

UftilO. lmmTOSffSlV^ |3]«K, 
H=0. 1 mm<i:^^ff(iR= 3 1 2 5mmiHi:^f: 
50 6o 
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[0 0 5 1 ] 

IM&m] CUftWl (HVPEtey-r^/UfijcSiCtS 
G a N 1 &<D\tm) ] G a A s (ill) AS« 

*r£Jt£*i*JlC«« Ufc 0 Xil 3 0 mm^R 

a££ffi>Lfc. ^XyCVDglT'GaAsSKJh 
S i (y*9M) ^JIcO. 1 u m\Zt£% 

Ltz Q 13 3 ic^i-^A Ky h»£, <1 1-2>^F7 
^7"^ <l-10>^F7^^3it^^ o 10 

1. =F* K-7 h*-ig3~5(^-f-J: G a A s < 

^TtlTi/^a d = 3. 5 p. m, L = 4iim 0 

2. < 1 1 - 2 h7-f^-< 1 1 - 2 >#rS]iC¥ 

Mm, !3]fil2/inu t'yf 4|im 0 

3. < i - i o h7^/*-< i - i o >#rajic¥ 

fx mX'WRS^ 5 6 m m 0 f yftt8 mT$)6 a 
[0 0 5 2] rO^J/^WltfcS i 3 N4^^^ 20 

(1 ) G a H'<y7TM<OM&L 

mMftteMZft-tz^xf^x-oxmiotitzG a Asm 

«£HVPES»O*fcKBLfc 0 HVPE8»rtt'G 
aAsS^^5 0 0tt;Wlfc o ^3£OGaffl£8 
5 0°Ca±^^UGa^<h^5o /l^T^^An^ 

7^X^AP^^7K^H 2 i 7^-7 NH 3 C0^^7y^ 30 
£»AU 5 0 0rtCj[lP^^ti/-^i£^T'Ga C 1 + 
NH 3 -G a NCOS/^^jg^ £i±G a A s SffitC* G a 
N£if^£^5 3 liliaotGaAsSiJiCinO 
nm^GaN/<777i^t6o S i 3 N 4 liGa 
NJ5Sft»SJf^ffl^fel3 S i 3 N4^^^^J:i:ij:G a N 
iMtHLfcl\ '<v7TfS {10 nm) foTX? (10 
Onm) £Vm^\ 1*ti*h&<DG a A s fCG 
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[0 0 5 3] (2) G a N^t^^v-^/^^^jsg 
HC 1 <Z>«A£#itLfco SffiraKS: 5 0 0tfl>f>tt 1 
OOOtStitft, StfHC 1 £GaSiC|fi]l*-r*A 
^IS^I; ± G a > HC 1 <Dfrfc[Z 

iottWy ^7AG a C 1 

* !i -^r t LTaHxT^5A»e>Ga C l (iT*-> fciCSt 
*L*. 7y^7NH 3 ^G a C l tm%k£fl1zmfo<D 
'iff'^-CKJt VG a N^t* * £; r *u#£ Sg <D ^<D/< y y 7 

m<D±tc^t a ?*i/*rsi'f$ l &'tz 0 ^*?mz* (ioo 

nm) ^6^^^^)1C:G a U^A^JE/^ABVt 
G a NJSfi(±A««Tfe5 8 04, ®5liAA 

ofcG a Nit^^^JS^oT#7t^ s B H( i:T^#U ; -r 
3eSii|S«g<»*fe-f 5o G a N^a B B^^W^^O±©^ 
< B j£ft*Kf*5 0/ira/Ht'$)^ jftl 0 0 m mOH 

* $ i ^aw» e> $ * * * < 7 x 7 

[0 0 5 4] (3) GaAslWi 

Tiftl 0B*fflx y fy^tfc 8 GaAs'fflS^CR 
££;fxfc 0 GaNfc*ltW B |:iofc 9 Pnffi^flFBSLT 
GaN|H a s a Mtlt 0 rtl^i^-C^o/Co 

fc„ ^UlflK^ht («2tfmft, L = 4 M m, 
d = 3. 5/im) ^^^HoTSicS^fc^T^ 
5 0 f*»2t*< 1 1 - 2>* F7-f/^^^ot^ 

mz-tttzhox&Zo «»3(i< 1 - 1 0 h^-ry 

[0 0 5 5] 





*7JX 


c m" 3 


cmWsec 






TftK * h 


3 x 1 0 1 8 


2 0 0 


8.3x 1 0 " 3 






6 x 1 0 1 8 


1 50 


6 x 1 0 " 3 


K»3 




1 x 1 0 19 


1 20 


3.5 x 1 0 " 3 



[0 0 5 6 ] (4) 



50 



nm-6 0 0 nmt'WKlRSSll J: 3 MilEfc L 



(9) 
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~C 40cm- 1 - 80c m" 1 Vfoiti 0 
(5) xm\Bl$T 

ItGaN (0 0 0 1) ®>^t«^SLf: 0 
Z<7>&^ mWL%.m<nfe&b, G a N (0 0 0 1) W<d 

_o/:_ 0 i_t Ga_N (0 0 0 1) i«^77^ 

(D=25 mm) t'^H=2 S^m^^iH 10 
= 4 8 ^mOfcOi^ofc, R = D 2 /8Htfc5^ 
P>, R = 3 1 2 5 mm <t R = 1 6 2 8mm^)t)^t*$) 

y 4 <DBi##0. 2mmt^!)R= 1 5 6 3mm 

[0 0 5 7] [2$»0il2 (HVP£7f7/^lGaN 
S&aV HVPEffiGaNJUW) ] 2-{yf^Ga 
As (111) A®£S££ Lfco ^r^-h^S i 0 2 CD 

J; 3*&£Ri**: 0 
( 1) G a N^7 7 7l^tf 

[0 0 5 8] -7^^tt6GaAslI^HVPEi 
g^^L/'o @8 0»gSrffip^S, Ga?§5fi800 
T^DfiLfc, IRfW**: LTtt, H 2 + HCl$rGa 
^tcaf^, H 2 + NH 3 (iS«^iE8(r*v^ B W50 

(2) ^t°^*v^Jf <DJFM 

o^-estg/a** i o o ortc±iff- 0 iii 30 

Sot, GaNxt7^'>t^l8 0/zm^Mlf: 8 

(3) G a A s 

G a N/G a A s H$?£rH V P E ^tE^ <bl2 0 fc L7t 0 
«ffi#J;:G a Nit«SBi^fi!£$n-C^5r. **-flfe3gL 
fc„ ^tl^^Tk^T'G a A sl^x 7 fy^it 
t 0 

[0 0 5 9] (4) Ga N (Off ft" ft 
:li«:+»i:*»Lfc, 16 (4) cOipW^ 
5 0 Ga N^^lC/io^fcO^-^fcfct^HVPESfiSfC 
•fes' h SKaftS: 1 0 2 O'Cch It, HVPEft 40 

0 7 (i) «r^*ffir-*)5o :^y^'-7 MifjfcS 

[0 0 6 0] (5) ^—{Z^Zt^^-COtyV) & 

L 

Jjfa{z9)r>fzLtz 0 117 (2) {:^fj;K^^ 0 

ft 5 0 mm, J?^3 5 0 um(DG a N^SSfiffi 2 Oft 

GaN^Uli::^, As, 50 
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y^^Kroi/^t'feofc, LSsH (As) , 

$K G a N^<c^(c56<fcf**r$ixT^^>S:^^s^5a 

[0061] ( 6 ) wm 

Zb'^y yf>7Wm. ft±tfW»«rLfc, 0 7 (3) 
(7) xHmtfr 

~z<dg a NS«£JSl£felI £ |b] C J: 5 'fc, x&[s]tfn£{E 

idJzoT. i«M>GaN (0 0 0 1) mh<Dftm<D 
BBff*IH*Lfco StE^ffiOi&jBiGa N (OOOl) 

tfcftfrifZo GaN (0 0 0 1) @£0&^CD^fS3^/< 

yy^^Stgrtr-. o. 5' r^srtwot, * 

fcffSa<Oifi<^S9tl±, 2-TV^g (D= 5 0 m 
m) t'H=l!)15/im^of: 0 R = D 2 /8HTfc^ 
tt>b. R = 2 0 0 0 0mmltT?fc5, +#1:1:7* MJ 

[0062] ( 8 ) ««w»ttoaas 

O l8 cm- 3 T*feot 0 i^llSl^OOcm 2 / 
V s -VfoitZo JtJggiiiO. 0 17DcmT'fcofc, 
[0 0 6 3] ^fy^ hOTigg 0SS*J»I<7>$» d»e>K 

r-^r-r -^Sfffl 1 0 18 cm" 3 , «^»ft«l±l 5 
0 c m 2 /V s ffcofc. JtlSgifiO. Olflcmt'^ 

[0 0 6 4] (9) *»iRO»J^ 

14 0 0 nm-6 0 0 n miC&tt -5RlRffi*(i 2 0cm 
-i — 4 0 c m^T^ofCo 

( 1 0) LED« 
GaNiS^^t, ^©iCInGaN^M 

lRj±UfcSS*i, ^^if^z^^ 

[0 0 6 5 ] [*|&M3 (MOC7f7/^ftGaNi 
t&bIk H V P E G a N/?f^ft) ] G a A s (ill) B 

mzmmt Lxm^tz 0 sio 2 ^s«i:wt7thy 

y^y^idioT [l-io] ^faicjit^;* h7^ 

[0 0 6 6] (1) GaN^y7 7l<0fS 
*T«&JR*fttt»«tfflfi)cftffi (MOC^) !:J:otfi4 9 
O'CcDfS^T'S^Jb^ 9 0 nmOil^COG a N/<y77 

[0 0 6 7] (2) G a N3itf^*->'-r/uB©Bj3c 



(10) 
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(3) GaAslI«± 
MOC8i^6GaN/Ga A s 0 *: Lfc, ft 

*lSl(i, G a NO [1 1 - 2 0] #|6j"efcofc B o£ 9 
G a A . s <D_l I - 1 0] XfalCG a NO [ 1 1-20] 

*lfij^jss-r S t^3:K'fc5.* ^TKic J: oTG a A 

[0 0 6 8 ] (4) GaNWlMS 
2 5ymJlWaN?:IMiat, HVPE^IC 
■feyhLfco 1 0 0 0tl:MtHVPEKJ:^tG 
aN^I<xtV^t/^I^f: a Rtttt"C-*(Sii5 

[0 0 6 9] (5) ^mj}P>v^^- \££Z>$=.'^-® 

OO/zm<0ff*t::ffl!?ajLfco 2 5ttW7X^yF?i 
[0 0 7 0] ( 6 ) 9F« 

(7) 

»iWi2 5 0 cmVVsT*>-3t, JtJfiSifiO. 0 
5QcmT?*)ofc, :©G a Nffi££H5£#iJ 1 ilUCJ; 

xmgitit&mzk^xmfiimmh (oood m 

t^^giffiSrSl^fc. (0 0 0 1) 

&feBtCDf£i-ftm<DMr±tfmfaftX± 1 . 1' T-£>o 
7C 0 R = 1 3 0 0mmT^5 3 G a N (0 0 0 1) m<D 
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9F»«^S«03Si9l:Hii, 2^yffT*H=^4 5/i 

mt^of: 0 R=6 9 0 0mm(7)iST*$)O o 
[0 0 7 1 ] r^HftflWGaNg^l^itL 
T, GaNm^Efa^lfX^^-rv^. W^SUSiG 

^iC2 5ttt<0S«dSf^BT-S5, Bit-* Mi. 1ft 
"l ftGVA s ri>fc>lSft 3 if^TW^'liffclfiE Lt "6 4 

10 *fclft^fe9OSiS*n!Jt^:$<ffl«T?#fc 0 G a N 

*#*fLfc<t::5ffl:* (As) , jRKf (C) 
[0 0 7 2] ^*?<D&\tlE = fiM(Dm£AZfr%{&mc 

A s tG a N(0«ttm«^*t3rt«JC^S:afp-C#5o 

20 sirs:: tas-ets. 

[0 0 7 3] [mmm4 (Ga^JE^®^^^- 

• ] [1-100]* h7^y-7^ 

[ 1 1 - 2] * h7^f^^, Kyh^^H 
V P Etel: J: oTG a N JxA^^fi Lfc, JWMtf 
^l4H2 + NH 3 iH2 + HCltfe5, ®fl->(f;*<0« 

[0 0 7 4] 

30 







(#) 


G a #EE 


<kPa) 


Si 


mm 

(Mm) 


1^9^ 


<Mffa) 




1030 


180 


1 


4 


¥S 


35 


54 


26 




1030 


180 


1 


6 




40 


56 


29 




970 


180 


2 


6 




120 


1000 


4 




970 


180 


1 


6 




60 


225 


11 




970 


180 


1 


6 




40 


61 


26 




1020 


240 


2 


6 




300 


10417 


1 .2 


S 


1020 


240 


2 


6 




120 


167 


29 


J 


1030 


240 


1 


6 




70 


125 


23 


V 


970 


360 


2 


6 




200 


14B8 


5.4 




970 


180 


2 


12 




200 


1359 


5 . 9 


/U 


970 


180 


2 


24 




200 


2604 


3.1 



[0 0 7 5] Z.Xlh<Doh, 4, K 3\ 

0 6o{iA^/U— ZfXfo<0, 'V "X y, /KD50 

(A) Ga^Elil kPa (1 0* 2 a t m) X'foZ> 0 9 
7 0ttv<5/77» ■ ^^^OJhiCG a N£ 1 HSPnlfiKft 
3? -it, 1 0 3 0tt$ f)C 3l*flilG a N^fiStfc. 



50 



^t+4^Pp1^t: 0 ^*^/W&^T*&£ 0 0 1 3 1:6^1 

**##£LfcK»fcife5 0 0 l 3fc*^T*«itf:IIIJ5 
(ju rn) T'£>£, IBSffli 3 0 m m~ I 2 0 u m£$Mfr L 
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x^*. »*fc(*rtttJC;*j (mp a) x&s, ea^Kft 

fiW^^iOMPa-3 0MPat^^ 9 t ^ >* 
1 OMP a J: ^t^«^rMt5o Lj&*Lrt« 
Jt^li 7 MP a UiT (7X 1 0" 3 GPa) L 

(B) Ga5MEii2k Pa-CfcS, 9 7 0ttv<y77 

•f , mm$ 1 2 0 m m~ 3 0 0 /x m^raiC^-^fi. G 

a NW»0«©(i|av\ Rmax|j*20/im"efc5 B 10 

G a Nitt^Sli 2 0 mm X 2 0 mmffci, ^®#f£ 

iotftJ;5i:iMPa-6MPat'fc5 B @^(17 
MPafiJlT-CfoSA^r^Stefc-t-r.tdS-CtS. 

-3 0 0 ^m) #*>6 0 £9?>&$^Rf3R=7 8 0 
mm~- 1 5 0 0 mmt'^5 0 

(xi»isi»f) xm®VT&&\z£ix* mfammt, (o 

0 0 1) ffiOffitS^MW^W^fc. Sfirtr-Xuoft* 
£l±, ±2. 0° Tffcofc. ^:GaN (0 0 0 1) £ 20 

*»<0£«©K!3i:l±2-<>'^ft{c:8«lLX* 60/nn 
X£>ofc 0 ZjxfiR = 5 2 0 0mml;/^ 6 

[0076] [m&ms mm^(Dmm ] mmtm 

C (A) cOl*£f6ft>, (B) 5ft<OK»^o^TBBi: 

m) x*>5. fMbiiftsp¥M-e$>* 0 ^m^mne o o 

(A) 9 7 0 1 1 1 0 3 0 1 3 WI^A 30 

(iKff dsff < Sffiii^iflX- fc * #R 9 £ i \ ft*¥ 

Sii2 0 0mm^Tt*fc5, ft^¥&<DS£ L l/^SEI ii 
6 0 0mmS(J:T'$)a, 6 flKOiWO^T & L 

(b) 9 7 or:6i$mf&&<omftB&mmAm<* &m 

l\ 5f@C0B^O-r-<X^6 0 Omma^I^ 
4?)T/h$<TSf9 3ft5^:#t\ 1 9 7 0WOGaAsS 

L^ott* <o J: 5 <clfi(: t «t ^, 40 

[0 0 7 7] ] «»AI4W«f-*» 

b*»B<?3 5*>, RJ?1 5 0 jum, M^4MP 
a , 1 0 3 0 mm, Rma x20/i m^ffeR-Cl 

tIil^iRmax7. 2 n m, Ra2nmfw^^L 

ti a w*f±^®£«*ic-Lx^£#, fx*o zmizz^z 

(0 0 0 1) ffifeS^P^fclW^fc. g^ffife^, 50 



20 

(oooi) m&m<Dtei-ftm(DB;±mz± i. 7- x 

fcofc 0 G a N (0 0 0 1) ai^ffiiH^lSiOtftjotd 
7' X&o7t 0 *fci9F«»^S«(OS9S 
l±2>f i^gX-9 0 jarnXfeofc. ft*¥&liR = 3 4 
0 0mmXfc5 o wix t> 7 * h U y #7 7 << ^H#^P^ 
X*>5. 
[0 0 7 8] 

LrtayCXjtf'h s ^<oxs 9 £r{g;2£-f 5 c t a>X£ S 0 

£ h^wm^£^xm&%ffi>?¥mt-totz?), so 

[ill] G a N^ s B 0 ^f $t^fc^limi:G a 
?7Z7 0 

S-tffcS^l;:, GaNlH«t^:i:i;J:ot^ 

[H3] fMMI^^^GaAs (111) A® 
[H4] ■7^^8^e>8IUfc«»lCGaN^777l 
[@5] GaN^7^ ^y7rJI©±l:S fbd^fc" 

[H6] G a A s MO ^ ^Sttt G a N/<y 

77i, GaNxh^Jryt^i^f^, G a A s 
l^$rxyfy^t6i^txii 0 (1) li 
G a A s (111) S*±iw-e^^«:^J5lcLfcXa^> 
Ho (2) (4-^^^|rJ:oXfllfetlX^?SC^«^(w/< : y 

7 7Jl£j«ft£-a:fcXllolS, (3) tt/<y7 7S, 

*^<&-h(-G a Nifc^^^/Ujf £jSft$-frfcXfl0> 
H 0 (4) l±GaAsSI»iLGaN^iil^/jJ 

[07] Ga NStS<??±(r$P>fCGa N^ff<jS«Sii: 
XG a N^>^-^ h^rf^f? Zft£9J»?LT*^Kl-5 
X^^7F-rH 0 (1) liG a NS«(C«W(t LfcGa N 
-O^^htOH. (2) tt>{y^ V%famjl*7<<V 

-xt xz? b $ *'^cmmLx\r*z>&&L&7!ki-m 0 

(3) (ii£9£li£n;t?:ii^<0[! 0 

[H8] HVPE^^C0MB&^r®Il 0 

[0 9] G a A s Sfi^ilCG a N^^-frtS^S 
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mmizjj <d it #> icr o x v ^ ttis z^i-wrm®* 

[BIO) t> Lfcrtfflffi^^O-efetLlf, GaAs^Bfc 
* Lfc'gWG a Nd^pjaic^S c > &r®ll 0 

_[0 1 2 J G a N?i/^R») ^Sft^r^-fiao 5 0m 
[0131 Ga» (A) 1 k P a<D-&t (B) 2 10 

[014] l^£Ai»W (5ft) £B#f*» (6ft) {C 
[015] R9(OS>5GaN^^^-(C*Sl^S«riffi 

&k»&fimm<Di£m£mirm Q (a) i*s9<D&£:tt 

[Hi] 
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1\ (b) t*i!bB^¥fficffl»-rs<o-C\ £-£@&3ktt 

LT^<5 0 (c) te£ffiSrtiC#^T&aBffi&i|<^lb 
#* O Sft Tjk L fc H -e h -5 o 

(mm) , lft|lb^»«(7>JR 9 <Dft 

- ■ - ■ 

1 Rfcfc 

2 t 

3 mwf *m>Ku 

5 G afg 

6 G agfc?& 

7 f"fe^ 

8 >>t7h 

9 GaAsSK/cliGaNM 
1 0 #*SMtiP 



[112] 



[17] 



*i.5 
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[0 11] 
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1 6] 
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